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Introduction 
 

Smart factory: Audi is on the way to the factory  
of the future  

 
Audi is making its production fit for the future with the smart factory. In this factory of the 
future, big data – the creation and intelligent connection of large volumes of data – will 
facilitate data-driven and thus highly flexible and highly efficient manufacturing. A 
method of production in which Audi might no longer build its cars on an assembly line but 
according to a radically new, disruptive concept is modular assembly. In addition to this 
major project, Audi is pursuing many other exciting projects for the production of the 
future – from the application of virtual-reality glasses to metal 3D printing.  
 
Modular assembly  
The complexity of automobile production is increasing. New market needs, customer 
expectations and the legislative framework are increasingly requiring innovative technologies 
and differing vehicle versions. This means that the fixed timing of the assembly line is 
becoming less efficient. The more the number of derivatives and variants grows, the more 
difficult it becomes to master high complexity and integrate new routines into the rigid, 
sequential process.  
 
Audi intends to meet this challenge and to develop a completely new principle for it: modular 
assembly. With this method, small, separate workstations allow highly flexible working 
routines – in terms of both time and space. Between those workstations, driverless transport 
systems take over the transport of the car bodies as well as the parts required for production. 
A central computer precisely controls the driverless transport systems – it recognizes the 
needs of each individual station, thus ensuring a smooth workflow.  
 
Audi assumes that modular assembly will result in 20 percent better productivity than the 
assembly lines of today. It is now being applied for test purposes at the engine plant in 
Győr, Hungary, and application is planned in two further projects.  
At present, the key principles of this innovative production system are being worked out and 
tested by “arculus” – a startup company established a few months ago.  
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The Technical Center for Production Assistance Systems  
The new driverless transport systems required for modular assembly are being created in 
Audi’s “Technology Development Production Assistance Systems” department. This small 
department has developed two types of driverless vehicle: One of them moves under control 
by a computer, the other moves autonomously on a defined route. Three onboard laser 
scanners allow the driverless transport systems to orient themselves and to recognize and 
avoid potentially critical situations. Audi developed the navigation software itself. It is based 
on automotive software and automotive-software development processes.  
 
The main task of the Technical Center for Production Assistance Systems is to work on new 
production technologies in early stages of their development. In addition to driverless 
transport systems, it is also working on four other projects. They comprise safe cooperation 
between humans and machines when working in the same space, assembly tables with 
assistance functions and two innovative robots: a flexible gripper arm and a special 
lightweight robot.  
 
 
The Audi Production Lab  
The Audi Production Lab, abbreviated as P-Lab, develops and supports innovative projects for 
the production process – often starting with the very first idea. The department currently has 
five permanent employees and has already helped to bring innovations such as metal 
3D printing, human-robot cooperation, driverless transport systems and the use of 
augmented reality at Audi towards series application.  
 
The projects currently running in the P-Lab include two big-data projects. One of them 
focuses on the early recognition of mistakes in the placement of screws and bolts; the other 
examines the flow of components in the area of international logistics for the CKD plants 
(completely knocked down). Another major subject for the Audi Production Lab is data 
glasses. They can provide effective support for employees in production, for the planners and 
engineers in the factory of the future – with assisted reality, augmented reality and virtual 
reality.  
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Toolmaking  
Several future-oriented projects are running in Audi’s Toolmaking division. The structure of 
the new generation of press tools follows nature, with many parts made of aluminum and 
plastics. This reduces the weight of those tools, which until now has been up to 45 tons, by 
up to 20 percent and the energy required decreases by about ten percent. The result is 
enhanced precision in the forming of sheet-metal parts.  
 
The press shop, where the tools are applied, uses the latest measuring technology. The goal 
is to develop a complete data chain for each sheet-metal part. The data chain already begins 
with the suppliers of steel and aluminum. This is another way in which Audi is enhancing its 
precision.  
 
In order to guarantee the high quality of the complete car bodies, the constituent parts come 
together to form an Audi car body for the first time long before the start of production – as 
data sets on the computer in Toolmaking in Ingolstadt. This so-called virtual assembly 
process, which is based on exact optical measurements, saves a lot of time and work.  
 
Another area of activity of Audi Toolmaking is remote maintenance. As a central support 
provider, the remote-maintenance portal oversees a large volume of equipment at the Audi 
plants all over the world. If technical problems occur at any of those plants, experts can 
access the machinery via a secure connection and provide help online.  
 
Audi creates valuable synergies at its newly established metal 3D printing center, which is 
located in Toolmaking in Ingolstadt. Specialists from Toolmaking and from the technical 
center for casting in production planning are working intensively on metal printing there. In 
the medium term, this technology has the potential to become firmly established in series 
applications. Using the laser melting method, metal powder is processed into complex steel 
and aluminum parts, which would otherwise be very difficult or impossible to produce. This 
important technology is being further developed in the metal 3D printing center. Audi is 
already producing parts for series-production tools with metal 3D printers. In the future, 
printed car components for small model series are also conceivable.  
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Logistics  
The job of logistics is to make sure that the materials required for production are always 
available punctually, in top quality and flexibly. In the Logistics department, Audi is working 
on the application of new automated transport systems that can independently guide 
themselves thanks to laser scanners. In the Logistics Center, which is directly adjacent to the 
main Audi plant in Ingolstadt, tests are already running with transport systems such as 
autonomous forklift trucks and driverless floor conveyors; series operation is scheduled to 
start in 2017.  
 
Transport drones could be a supplement to these new transport systems – they are able to 
take urgently required parts to the assembly workstations by air in a very short time. Audi 
recently performed successful test flights in the Ingolstadt plant on a work-free day, with 
safety as the top priority. Further tests are to follow while normal production is operating.  
 
Big-data applications have very high potential especially in the field of logistics. At the Audi 
plant in Neckarsulm, an interdisciplinary project team has now started to connect data from 
all areas relevant to logistics – from suppliers to road transport to the entire production value 
chain – and to analyze it. One of the first applications aims to ensure that the shipping 
companies commissioned by Audi pick up cars from the plant as soon as they have been 
produced. This minimizes the cars’ standing times as well as space requirements on the 
parking lots.  
 
Logistics is a fascinating activity – the new “Audi Logistic Challenge” app allows 
non specialists to experience its core functions. Audi itself developed the game for 
smartphones and tablets. “Audi Logistic Challenge” will be available before the end of this 
year in the App Store (iOS) and the Play Store (Android).  
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Modular assembly 
 
 
Assembly islands instead of assembly lines  
 
For more than 100 years, production in the automobile industry has followed the pace of 
the assembly line. Audi is now working on a vision for the era after the assembly line and is 
developing a completely new principle: modular assembly. With this new method, the 
company intends to cope better, more flexibly and more efficiently with growing 
complexity and the increasing numbers of model versions.  
 
On January 14, 1914, Henry Ford started the first full assembly-line production in the 
automobile industry in his newly built “River Rouge” factory in Dearborn, USA. Since then, 
this principle has formed the backbone of large-series production. In 1925, it was adopted 
for the production of motorcycles by DKW, one of the predecessor brands of today’s AUDI AG. 
At Audi’s plant in Ingolstadt, the assembly lines are running for the models Audi A3, A4, A5 
and Q2. On each of the three assembly lines, a car is produced every 88 seconds, so together, 
the three lines produce a car about every 30 seconds – the Ingolstadt plant is the 
second-largest car factory in Europe.  
 
Despite the high numbers of cars produced and the well-established routines, Audi is 
convinced that the assembly line has had its day. Because as model diversity grows, the more 
complicated it becomes to master the complexity in a rigid sequential process and to 
integrate more and more new working routines. The fixed tempo leads to inactivity on many 
sections of the line – for example for the installation of optional extras such as auxiliary 
heating systems, which only a small proportion of the cars are fitted with. These losses 
accumulate with an increasingly heterogeneous model mix on the line.  
 
It becomes even more difficult when sharply differing versions are on the same line. 
One example is the assembly of the Audi A3 Sportback e-tron in Ingolstadt. The plug-in 
hybrid model, which accounts for only a relatively small percentage of the overall 
Audi A3 production, passes through seven separate workstations, where it receives a large 
proportion of its electrical equipment. While this is going on, its sister models with 
conventional drive move along the conveyor belt suspended below the ceiling; they are not 
worked on during this time, so the time until completion becomes longer for all the cars on 
the line.  
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Audi’s answer to this challenge is a completely new concept: modular assembly. The idea 
behind it is production without assembly lines, broken down into the individual work stages. 
The new assembly stations are occupied by one or two workers. Unlike today, they work 
steadily at a continuous pace, because they no longer have to adapt their activities to the 
speed of the line. And they do not have to move with the car on a conveyor; they can work in 
one place.  
 
The transport of the car bodies and components between the stations in modular assembly is 
taken over by driverless transport systems. Audi is currently developing new systems of this 
kind that can navigate themselves and thus move with great flexibility (see separate chapter). 
Their movement is exact to the nearest centimeter and is controlled by radio; a central 
computer guides them as required.  
 
The central computer monitors and manages all activities in the assembly hall so that they 
run smoothly and very efficiently. Small driverless vehicles supply the stations just in time 
with the components they need – from screws to sliding roofs. The so-called supermarkets, 
which are today used to commission the parts and in some cases are located in logistics 
centers outside the plants, are no longer necessary in this form; they are either abolished or 
transferred into the assembly halls.  
 
Unlike on the assembly line, the routines in modular assembly are highly flexible with regard 
to time and space. For example, the installation of door seals with a coupe takes half as long 
as with a four-door sedan. When the central computer recognizes a jam at a station a 
driverless vehicle is heading for, it can often redirect it to another vacant station. Because for 
the car, it is irrelevant whether its trunk cladding is installed before or after its door seals.  
 
The integration of an e-tron derivative or other variant is also no longer a problem with 
modular assembly. This means that Audi can react quickly and efficiently to new trends and 
demands in the market, as well as to changing statutory requirements. Today, model 
changes lead to a standstill of the entire line. In the future, it will be possible to renew the 
affected stations while the others continue with normal operations.  
 
When considering the entire system including logistics, Audi expects modular assembly to 
result in a productivity advantage of about 20 percent plus x. The size of that “x” will increase 
along with the growth in version diversity. Intelligent driverless transport systems, which 
have long offered potential also for other companies, will become less expensive as they are 
produced in larger numbers, offering further potential to reduce costs.  
 
For the development of modular assembly, a startup company by the name of “arculus” was 
established in a disused factory building near the Ingolstadt plant in spring 2016; Audi holds 
a stake in arculus. The decision to outsource the implementation of modular assembly to a 
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startup has proven to be absolutely right: Within a few months, the small, highly motivated 
team built its first working demonstrator. In doing so, it resolved all the fundamental 
questions itself; there was no supplier on the market that could have mastered the 
equipment and its central guidance at the same time.  
 
The implementation of modular assembly in series production is not far away. Audi will first 
apply the new principle for test purposes in the production of engines at the plant in 
Győr, Hungary. Implementation with two other projects is also planned.  
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Technical Center for Production  
Assistance Systems 
 
Chameleon tongue and laser scanner:  
Technical Center for Production Assistance Systems 

 
Audi’s Technology Development Production Assistance Systems department is occupied 
with new production technologies that support the employees in the working process. At a 
technical center outside the plant site, the team is currently pushing forward with five key 
topics. They involve human-robot cooperation, support for the assembly employees, 
innovative lightweight robots, driverless transport systems and new sensor technology 
and display concepts.  
 
► Flexible screw points: LBRinline  
On the assembly line at Audi’s Ingolstadt plant where the cars of the Audi A3 and Q2 series 
are produced, one model requires very special attention: the Audi A3 Sportback e-tron. The 
compact plug-in hybrid differs from its sister models in various ways, in the screwing points 
for the underbody cladding for example.  
 
At present, Audi uses an assembly trolley for the Audi A3 and Q2 models with conventional 
drive that is based on an employee suggestion. It consists of a rigid frame with 14 screws. 
With the so-called “LBRinline” – a lightweight robot on the assembly line – the engineers of 
the technical center have further developed the assembly trolley so that it meets the 
challenges of increased complexity in a new, flexible way. It is an assembly trolley made of 
aluminum profiles with four lightweight robots on a mobile platform. An employee links up 
the trolley with the suspended conveyor belt, and it then moves along below the car for just 
over 20 seconds. The lightweight robot screws the so-called cw underfloor cladding onto the 
e-tron-model and the conventional models completely independently. A safety system with 
three laser scanners ensures that the robots, each weighing only 18.4 kilograms, do not 
come into direct contact with the employees.  
 
LBRinline is one of many individual measures Audi is taking to make its assembly more 
flexible. When the robots prove their worth in daily use, their principle can be transferred to 
other similar types of work. For example, ergonomically difficult work overhead in production 
can be eliminated in the long term.  
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► Inspired by the chameleon: flexible gripping  
Many robots specialize in gripping functions. But few of the gripping arms in use nowadays 
are flexible. The Audi Technical Center is currently testing a gripper that perfectly manages 
this task: the FlexShapeGripper from the company Festo. It can grip objects, hold them, pass 
them to an employee or place them into a workpiece carrier.  
 
The working principle of the FlexShapeGripper is derived from nature; it is similar to the 
tongue of a chameleon: An elastic cap is deformed under the influence of compressed air and 
spring tension. It wraps around the object that is to be gripped and firmly encloses it.  
 
Unlike today’s gripper jaws, which can only grip certain components, the FlexShapeGripper is 
highly flexible. It even copes with components with free forms and curved geometries. As it 
does not have any sharp edges, it is also ideal for use with sensitive objects such as air vents 
or trim strips. In principle, the gripper can pick up several objects in one movement, several 
nuts from a tray, for example. The functional versatility is not yet comparable with the 
human hand – but it is already very close. This opens up new perspectives in the field of 
human-robot cooperation.  
 
► Assembly assistance: motionEAP and “Clever Klaus”  
In the context of its motionEAP research project, Audi has developed a modern assembly 
table. This prototype with computer-controlled assistance functions is not applied 
commercially. The abbreviation motionEAP stands for a system for efficiency enhancement 
and assistance in production processes on the basis of the recognition and projection of 
movements. It is a project with public funding by which Audi is collaborating with a 
consortium of experienced engineers and technicians.  
 
The heart of motionEAP is an infrared depth camera – a standard “Kinect 2” from Microsoft. 
This is an example of how production technology can benefit from the latest developments in 
the gaming industry. Installed over the table, the Kinect monitors the working stage of the 
workpiece by comparing its actual parameters with the target parameters. A projector next to 
the camera then projects instructions onto part of the table – in the form of short texts, 
videos or images. As soon as a stage of work is correctly carried out, a green light appears. A 
computer controls the projector and the 3D camera.  
 
Another system with the name “Clever Klaus” is already in use. It helps the workers on the 
preassembly of Audi A4 doors with the complex cabling. The model range includes 
several hundred different variations; in the top versions, the door trim integrates up to 
14 connectors for the electric windows, loudspeakers, central locking, mirror adjusters and 
other optional equipment. Two high-resolution 2D cameras above the table check whether all 
the cables have been connected properly. The sequence of work is irrelevant.  
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► Hand in hand: human-robot cooperation  
Step by step, robots without protective fences are entering Audi’s production plants. They 
relieve the employees of ergonomically negative or  monotonous tasks. Humans and robots 
work together in a shared area where strict safety precautions apply. Audi’s Technical Center 
for Production Assistance Systems is continually advancing human-robot cooperation, with 
one key criterion: The employees’ safety has top priority.  
 
Audi is increasingly testing new robots with limited strength and performance that stop 
immediately after any direct contact. Specific forces and pressures may not be exceeded; they 
are exactly defined in a norm for all parts of the human body. Extensive investigations are 
being carried out on this subject in Audi’s Technical Center for Production Assistance 
Systems. Among other things, the company is examining the following questions: How can 
sharp-edged grippers and the parts they are carrying be made safe? Which loads are 
realizable? How quickly may a robot move so that the forces remain low? And which 
momentum sensors are the most effective?  
 
Ideally, the robot – including gripper and component – must be permanently surrounded by 
an area that moves with the gripper and workpiece depending on the situation. If a minimum 
distance between system and employee is not maintained, it will stop before any contact. 
Audi is doing research also in this area, together with suppliers and partners such as the 
Fraunhofer Institute. In the area of sensor technology, Audi’s development engineers are 
also-considering radar. It precisely recognizes movements and distances and is not disturbed 
by varying light levels.  
 
► New intelligence: driverless transport systems  
Driverless transport systems, consisting of guidance control and one or more driverless 
transport vehicles, have been standard in automobile production for several decades. The 
electrically powered transport robots convey components, containers and in some cases – as 
at the Audi Böllinger Höfe facility near the Neckarsulm plant – even entire car bodies; they 
follow guidance wires or RFID chips in the factory floor. Audi is now giving driverless 
transport systems a completely new level of intelligence, making them into the backbone of 
modular assembly in the future (see separate chapter). The Technical Center for Production 
Assistance Systems has developed and set up two innovative concepts called 
“Audi Laser Tracking System” and “Audi AGV” (Automated Guided Vehicle).  
 
The Audi Laser Tracking System is a system that can recognize and guide a group of driverless 
transport vehicles. A powerful computer locates them by means of their reflectors, using a 
high-resolution laser scanner, and gives them maneuvering commands by radio. Each of the 
four wheels is individually driven by a step motor. This allows precise steering, which is 
important when driving around obstacles and when docking onto the large transport 
containers. The transport robots operate at walking pace, just under six kilometers per hour.  
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At today’s level of development, the central computer can control the transport robots in a 
radius of twelve meters – individually or in trains. To cover a large hall, it would be necessary 
to have either several laser scanners or a computer with a laser scanner as a mobile unit that 
drives through the hall, guiding a group of driverless vehicles. In both versions, the new 
technology is convincing with its flexibility, robustness and precision.  
 
The second driverless technology from Audi’s Technical Center for Production Assistance 
Systems goes even further: the so-called Audi AGVs. They use intelligent navigation software 
developed by Audi on the basis of automotive software and automotive-software 
development processes. This means that they can supply goods from the warehouse to the 
assembly line freely and autonomously. They recognize complicated traffic situations and 
react to them flexibly.  
 
The navigation system allows an Audi AGV to drive autonomously on a defined route, which is 
designed and simulated on the computer in advance. Alternatively, the AGV can learn a route 
on a manually controlled drive and store it. On the basis of this map, it moves freely within its 
radius – according to the principle of machine learning, it always searches for the optimal 
route.  
 
The Audi AGV, known internally as “Paula,” has three onboard laser scanners – two at the 
front and one at the rear. They give it orientation and also make sure that it cannot collide 
with people. One of the front scanners points upwards so that it can recognize objects 
hanging from the ceiling.  
 
The sensors also serve to record measuring data – the computer of the AGV then compares 
that data with its own map data. At the same time, the navigation software compares the 
data measured by the laser scanners with the wheel revolutions, allowing exact localization.  
 
The driving strategy of the Audi AGV is defensive. It recognizes an employee or an electric 
vehicle crossing its path and always gives them priority. Its speed is limited to 
4.2 kilometers per hour. All braking is gradual and energy efficient. In calculating the 
braking, the engineers used similar algorithms to those used for controlling the 
adaptive cruise control (ACC) in Audi cars.  
 
With its laser scanners, the AGV recognizes the workpiece trailer from its contours. It drives 
up to it to the nearest millimeter, even if it is not standing in its predefined position. Parking 
over the charging plate takes place with the same precision. A touch display at the front, an 
extensive visual signal concept and voice output allow communication and interaction with 
the surroundings.  
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The navigation development of the AGV at Audi’s Technical Center for Production Assistance 
Systems has meanwhile reached the third prototype, which is close to the final version. Like 
its predecessor, it is also a completely independent development by Audi in all areas – 
including the software. At present, the Audi AGV is undergoing extensive test drives in the 
Audi A3/Q2 assembly hall at the Ingolstadt plant.  
 
This technology has great potential: Connecting the navigation data of several individual 
vehicles with a fleet manager creates an intelligent overall system.  
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The Audi Production Lab 
 
 
From idea to series application:  
the Audi Production Lab  
 
Many of the new technologies with which Audi is making its production processes 
fit for the future are created with the help of the Audi Production Lab. The small 
but creative team works as an interface between innovation and series application, 
between ideas and structural culture.  
 
The Audi Production Lab – P-Lab for short – currently has just five permanent 
employees; a row of desks and an external workshop area are enough for the team, 
which has only existed for four years. Nonetheless, it has already made significant 
contributions to bringing major innovations to series application at Audi, for example 
3D printing, human-robot cooperation, driverless transport systems and the use of 
augmented reality.  
 
The Audi Production Lab also provides support, such as when an employee has a good 
idea but cannot pursue it within his or her own department. So the P-Lab works as an 
incubator for new production technologies if they involve several departments and 
benefit the whole company. Very often, the P-Lab is able to deliver the missing piece 
of the jigsaw – whether making connections between several departments or with 
external partners, whether project management or supporting with a budget, in order 
to make an idea into a profitable innovation.  
 
Handling, trying out, discussing, improving – always without being afraid of making 
mistakes. The Audi Production Lab adopts the open, spontaneous working culture of a 
startup. This working culture also includes a certain degree of freedom within the 
Audi organization. For example, if data glasses only work with the latest PC operating 
system, the P-Lab can install that system as an isolated solution.  
 
When a new production idea has been given the go-ahead by the management, it 
leaves Audi Production Lab. It continues along its path into series application in the 
relevant department – often in a technical center or as a predevelopment project. 
Depending on the subject, existing structures and persons involved, handover takes 
place at different times and in different ways, in many cases step by step. Each of 
these new technologies brings Audi’s production a further step forward on its way 
into the future.   
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Big data: lubricant and raw material for Audi  
 
Data is the lubricant at any company – and an important raw material for the 
production of the future. The more systematically that data is prepared and 
evaluated, the more valuable it is. With big data, Audi can ease its employees’ 
work, make processes more efficient, predict mistakes or avoid them completely. 
The Audi Production Lab provides two case studies.  
 
The people and machines working in production at Audi create an enormous amount 
of data – at an accelerating rate. This data contains valuable information and 
interconnections, which need to be discovered and evaluated, because it has great 
potential for the production processes – at the technical and financial levels, for the 
employees and for the customers.  
 
In general, big data refers to  
• the strategic recognition of data as a resource with its own value,  
• the operational recognition of data as a separate means of production,  
• the active and consistent utilization of all product and process data,  
• the connection, linking and correlation of various data sources,  
• and a change in corporate culture, organization and departmental processes.  
 
For the Audi Smart Factory, the overall meaning of big data is the changeover towards 
data-driven and thus highly flexible and highly efficient production – towards the 
so-called “data driven business.”  
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► Big data case study 1: the screws-and-bolts analysis  
Whether suspension, engine or interior – on average, every Audi has more than 
1,000 screws and bolts tightened to a certain torque; at the Ingolstadt plant alone, 
about 500 million of them are tightened each year. With a small percentage of them, 
this procedure doesn’t immediately run smoothly, when there are metal filings in the 
thread for example. This isn’t really critical, because Audi’s pneumatic or electric 
screwdrivers permanently measure their operating angle and the torque being 
applied. If these parameters exceed the limits defined for each screw or bolt, the 
machine automatically switches off. That usually happens within two seconds of the 
start of the procedure.  
 
But employees of the Audi Production Labs have now found out that so much time 
isn’t necessary. This finding was based on an analysis of anonymized screw-and-bolt 
data that had been recorded over several weeks. The result: A mistake can already be 
predicted with a high probability after 0.3 seconds. When the screwdriver then 
switches off immediately, the employer saves time and is less hurried for the next 
screw or bolt.  
 
The new screw-and-bolt analysis is already in use in the Audi A3/Q2 assembly. This 
has resulted in an enormous efficiency advance for AUDI AG at the Ingolstadt plant, 
and the method will now be rolled out at the other plants. The next step is to expand 
the spectrum of evaluation and to find out whether the method can be transferred to 
other operations.  
 
► Big data case study 2: the project “CKD tool international logistics”  
Columns of numbers are hard to read and understand. But from childhood onwards, 
we are all used to understanding and storing pictorial information quickly. This basic 
principle is followed by the project “CKD tool international logistics” (CKD = 
completely knocked down) in the Audi Production Lab. Its goal is to improve the flow 
of components in logistics by means of a new and easily understood pictorial 
presentation of data.  
 
Audi’s CKD plants around the world carry out contract production by which cars are 
put together out of parts kits – preassembled groups of components. These are 
delivered to their destinations by the suppliers via so-called consolidation points and 
packing locations. If the logistics experts want to analyze this flow of goods and 
examine its optimization potential, they have so far had to work through complex 
Excel spreadsheets.  
 
The new tool, which is based on an existing tool, is based on other principles: the 
intelligent linking of previously separate databases and their graphic implementation 
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in shapes and colors. With a mouse click, users can recognize on the computer screen 
interdependencies in the flow of goods that were not visible before. The simpler the 
depiction, the clearer and more comprehensible it is.  
 
One of these new levels of visualization is a map on which suppliers are marked. 
Depending which packing location they are serving, they are marked in different 
colors; for example orange stands for Ingolstadt, blue for Duisburg and violet for 
Wunstorf near Hannover. A glance at the map already showed that there were several 
suppliers in southern Hesse within a radius of 20 kilometers that supplied different 
packing locations. Their delivery routes were then combined, saving Audi a lot of time 
and money, and also reducing CO2 emissions and noise.  
 
Whether for planning truck routes or ensuring the constant utilization of the 
consolidation centers for many weeks – the “CKD tool international logistics” brings 
great added value. It has the potential to reduce transport costs by a large six-digit 
amount. The prototype has already advanced to series maturity in the P-Lab. 
 
 
Assisted, augmented, virtual:  
Audi utilizes data glasses  

 
In the smart factory of tomorrow, data glasses will provide targeted support for 
employees in assembly, as well as for planners and engineers. The brand with the 
Four Rings is at the forefront with the technology of data glasses. The 
Audi Production Lab is currently testing glasses technologies for assisted reality, 
augmented reality and virtual reality. Their areas of application and degrees of 
maturity differ greatly – but each technology has enormous potential.  
 
► Assisted reality: pilot application in engine assembly  
The production of the future will be increasingly complex and the responsibility of 
each assembly employee will grow. Against this backdrop, data glasses that support 
employees with their work are gaining importance. At the engine plant in 
Győr, Hungary, Audi is currently testing data glasses from Google: Google Glass. They 
are being used in the area of assembly of original parts. There, all engines are built by 
hand in accordance with customers’ specifications. The complexity is immense: The 
production process takes several hours; some shelves in the area of engine assembly 
have up to 200 sections for small parts. Many of these parts look very similar.  
 
Data glasses help here. With a plant pass and a QR code, the assembly worker checks 
into his or her workplace, Google Glass then receives the individual assembly order 
from an order server. In the form of a picture-and-text presentation, the individual 
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steps of assembly for the respective engine version are shown over the right eye. By 
voice or via the touch-sensitive frame of the data glasses, the employee can run 
through the work stages and confirm them or, if required, call up detailed 
information such as a training video. When the employee is standing in front of the 
shelf, he or she sees how many parts with which serial number have to be taken from 
which section. However, the employee only sees this information when he or she looks 
up – otherwise, the field of visions remains free.  
 
Google Glass is a suitable wearable for everyday use – it is robust and visually 
inconspicuous. Its technical complexity is similar to that of a smartphone: It includes 
a processor, memory, microphone, loudspeaker, camera, radio module and battery in 
a light frame. It can be used for several hours at a time, and for an eight-hour shift if 
an external battery is connected. A scientist is accompanying the pilot project in Győr 
and is recording anonymized data. She compares that with data from the current, 
monitor-based assistance: Do the glasses save walking distance? Do they reduce 
assembly times? How secure is their operation? Do the employees feel at ease with 
them? 
 
► Augmented reality: fusion of reality and simulation  
With augmented reality (AR), one’s real surroundings are merged with data from the 
computer. The Audi Production Lab is working on this with specially designed, 
completely new data glasses: the HoloLens from Microsoft. Through them, the user 
continues to see the real surroundings, but can augment them with virtual images as 
holograms – for example with a welding robot from the body shop.  
 
The Hololens integrates the computer power of a tablet, including the battery. 
Visually, it is similar to a helmet visor with a strap that surrounds the head. The strap 
controls the Hololens via voice input and with finger gestures. Loudspeakers aimed at 
the ears play sound effects.  
 
The AR glasses from Microsoft use several cameras and 3D sensors to permanently 
measure the room in which the wearer is located. In the map of the surroundings thus 
created, it projects the respective hologram onto the desired place – and it stays there 
no matter how the wearer moves. The hologram appears on special displays in the 
visor, slightly offset for each eye, creating the effect of stereoscopic vision with depth.  
 
This shows what is possible with the Hololens: When the glasses are fed with the 
right 3D models, it is even possible to plan entire body shops. The user can 
superimpose as many virtual robots as desired, and can place them so that their 
gripper arms and other moving parts do not collide with each other. Several experts 
can follow, assess and alter the procedure at the same time.   
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The HoloLens offers new potential also with regard to cooperation between different 
locations. For example, if there is a malfunction at a plant, employees can use the 
glasses to send images and data to an expert providing assistance from another plant. 
In this way, they can together identify the cause step by step and can then rectify the 
malfunction.  
 
► Virtual reality: full integration in the simulation  
The third data-glasses project of the Audi Production Lab is a virtual-reality (VR) 
application that fully integrates the user into the scenery presented. Like in a gamer 
world, the technical core consists of common VR glasses of the type HTC Vive. 
Two tracking stations placed in the room communicate with sensors on the glasses 
and the hand controllers. In this way, the system recognizes the user’s movements 
and adjusts the presentation with practically no delay. For that purpose, the 
VR glasses are connected to a high-performance laptop that the user carries in a 
backpack, avoiding inconvenient cables. Several users can experience the virtual world 
together and simultaneously.  
 
In the data world, Audi employees will be able to go anywhere –into a virtual 
workshop for example where the cockpit of an Audi Q2 is installed on a scale of 1:1. 
They will meet there to identify possible problems with installation of the 
infotainment control unit in the storage compartment already in the design phase.  
 
The hand controllers can be used for various actions: They move the infotainment 
control unit or make marks where needed; they transfer working stages into 
three-dimensional simulation. For example, when they cut through the front of the 
cockpit, the control unit is revealed; further back, parts of the air-conditioning and the 
passenger airbag can be seen, all presented in technical colors.  
 
Product verification, factory and process planning, employee training – VR technology 
has interesting solutions for all of these applications. It also allows meetings in the 
virtual space. Within a short time, factory planners and machinery manufacturers can 
meet across continents in a factory that might not yet even exist. In the 
3D simulation, complex interrelations become clearer and easily comprehensible, 
facilitating a reliable assessment.  
 
Audi is now starting the first pilot application of the data glasses, to be gradually 
followed by further applications. The first VR meetings involving several locations will 
soon take place. In the Audi Production Lab, the next step is being considered: The 
participants’ faces will be seen in the simulation in the future. Because also in the 
digital age, a look often says more than a thousand words.  
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Toolmaking 
 
 
The next step: 3D printing with metal powder  
 
3D printers that create objects out of powdered plastic are already firmly 
established. The next stage of evolution is 3D metal printers. Audi has already 
installed some of them in its Metal 3D Printing Center for production applications. 
They use the laser melting process to produce steel and aluminum parts out of 
metal powder. This process is applied today in series of tools. In the coming years, 
vehicle components for small production series could also be produced in this way. 
 
In principle, all materials that can be welded are suitable for 3D printing – tool steel 
as well as aluminum or titanium. The process starts with metal powder with a grain 
size of 15 to 40 thousandths of a millimeter, similar to the thickness of a human hair. 
The printer deposits the powder in thin layers and the laser melts it in accordance 
with the CAD data, thus creating the contours of the part being produced. By means 
of 3D printing, also known as selective laser melting (SLM), objects can be produced 
with free, highly complex geometries that would be very difficult or impossible to 
produce with other methods.  
 
Audi creates valuable synergies in the newly established Metal 3D Printing Center, 
which is located at the Audi Toolmaking division in Ingolstadt. Specialists from 
Toolmaking collaborate closely with experts from the Casting Technical Center of 
Production Planning. In cooperation with the Technical Development division, they 
use their three metal printers to produce steel and aluminum parts for testing in 
engines and suspension.  
 
Before the Metal 3D Printing Center was founded, the tasks were distributed more 
specifically. The steel printers in Toolmaking primarily produced individual parts for 
press tools, such as cutting inserts and blades, as well as components with integrated 
cooling coils and networks. They improve cooling performance in large tools, which 
then accelerates casting or forming processes for example.  
 
With the 3D metal printers in the Casting Technical Center, the main aim was to get 
to know the material “printed aluminum” and its production technology better. 
Various automobile parts were produced, such as space-frame components that 
integrate fluid containers, and including the first suspension components.  
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The analysis and bench tests that Audi has carried out so far confirm the potential: 
Printed aluminum components have better specifications than parts made as 
structural castings. Their tensile strength of 400 million pascal is twice as high, and 
they have additional advantages in terms of weight. The situation with printed steel 
parts is similar; they achieve a tensile strength of more than one billion pascal.  
 
A particularly impressive result of 3D metal printing is exhibited in the foyer of the 
Toolmaking building at the Audi plant in Ingolstadt: a model of the legendary 
Auto-Union Type C racing car at half of its original size. Its chassis and external panels 
are printed out of aluminum and the instruments out of tool steel. Audi intends to go 
a long way with the new technology – as far as the moon in fact, with the self-driving 
reconnaissance vehicle rover Audi lunar quattro, which is 85 percent printed 
aluminum. In the context of the Google Lunar XPRIZE, the Berlin engineering group 
“Part-Time Scientists” plans to send the rover to the moon by rocket with Audi’s 
support by the end of 2017.  
 
Today, 3D printing is still very expensive, limited in size and above all slow. The 
biggest of the three printers at Audi’s Metal 3D Printing Center can print objects up to 
400 millimeters long; the two smaller ones manage lengths up to 290 or 
280 millimeters. It takes about a day to produce a metal pipe weighing about 
one kilogram – plus the time required for programming and preparing the printer, as 
well as for subsequent work on the printed object, which is printed onto a support 
structure.  
 
Audi believes that series application of the process will become possible when metal 
printing technology makes a great leap forward. And when that happens, the 
Audi brand will be at the forefront.  
 
 
Fast assistance from specialists:  
the remote maintenance portal  
 
Technical equipment in a production plant at Audi is planned, installed and controlled 
with the utmost precision. Nonetheless, due to its extreme complexity, it can never be 
completely free of malfunctions. In such a situation, the Equipment and Device 
Construction department of Audi’s Toolmaking division comes into action. With its 
remote maintenance portal, it serves as a central support facility and thus ensures 
uniform standards at all Audi plants all over the world. The remote maintenance 
portal started in 2008 and is available around the clock.  
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Audi Toolmaking’s remote maintenance portal supports body-shop equipment at 
five locations. It also offers access to eight other technical areas – for example in 
Toolmaking and Technical Development in Ingolstadt, in Logistics in the 
Goods Transport Center in Ingolstadt, in the Paint Shop at the Neckarsulm plant, in 
Technical Development in Wolfsburg and in CFRP Production at Lamborghini. As well 
as a total of 13 current projects, there are 17 new requests. In the year 2015, there 
were approximately 1,600 deployments of the remote maintenance experts, where by 
about 1,500 hours were booked on equipment worldwide.  
 
If an equipment operator – for example in Bratislava or at the youngest Audi plant in 
San José Chiapa, Mexico – recognizes a malfunction that cannot be resolved with local 
resources, support can be requested from the remote maintenance portal. The server 
identifies the external specialists whose technology is required and passes on the 
request for assistance. The employees then log on to the protected Audi production 
network via a secure connection and access the equipment – always in the restricted 
area for which they are authorized.  
 
In this way, the external support employees can access the control monitor of the 
affected unit on their own display and can actively intervene, if desired by the local 
operator. They can install updates and backups or can reprogram the entire control 
system via closed virtual private networks (“tunnel services”). Video support in the 
new so-called conference center is even more innovative: This is where pilot projects 
run, by which cameras, tablets and data glasses provide support with the transfer of 
images and plans.  
 
As well as the typical rectification of a malfunction, the remote maintenance portal 
offers other possibilities: Some service providers use it to monitor a ramp-up on their 
equipment. The advantages of remote maintenance are especially apparent in 
commissioning phases, which are constantly becoming faster: A lot of time, money 
and CO2, are saved because fewer journeys are necessary. Other areas of application 
include the qualification of components and staff – this is where the remote 
maintenance portal won the company’s internal “Audi Education Award” and the 
“Education Award” of the Volkswagen Group Academy in 2016.  
 
Audi is already planning the next steps, with the goal of recognizing how equipment is 
changing and thus carrying out preventive maintenance. For example, if the welding 
gun of a car-body robot is nearing its wear limits, the quality of the welding points 
decreases and each weld takes longer to carry out. Preventive remote maintenance – 
or remote monitoring – can avoid both problems. Also in this context, Audi plans to 
create a new standard with its remote maintenance portal.   
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The utmost precision in a tight process window: 
smart analytics in the press shop  
 
Sophisticated design, systematic lightweight construction and intelligent functions – 
in the production of sheet-metal parts, Audi’s press shops have to meet extremely 
high requirements. In order to fulfill rising quality standards in the future, the brand 
is applying the latest measuring technologies and developing a holistic 
data-collection system – in this way, the press shops are becoming part of the 
smart factory.  
 
In the competence center for plant equipment and forming technology, which 
comprises the press shops and toolmaking, approximately 750,000 parts are 
produced at the four Audi press shops worldwide. The production of every car starts in 
the press shop, involving immense forces and highly complex functions.  
 
A good example of this is Press Line 14 in the Ingolstadt North Press Shop. The 
large-scale suction press there is 75 meters long and forms three-dimensional parts 
out of flat sheet metal with up to 15 strokes and more than 7,300 tons closing force. 
For example, a side-panel frame in the area of the door cutouts has a depth of about 
30 centimeters. With its sharp edges, complex geometries, constant radii and a 
surface precision allowing tolerances of only a few hundreds of millimeters, it is 
typical of Audi’s  high quality.  
 
The process windows in which the press shops work are very small – and they will get 
even smaller in the future. This is why Audi has equipped its press shops with 
sophisticated measuring technologies.  
 
The first measuring station is installed on the strip-cutting machine, where the flat 
pieces of sheet metal are cut out of coils. The coils consist of rolled-up sheet metal 
with lengths of two  to three kilometers and weighing 25 to 30 tons. They are never 
completely homogeneous, because the supplier’s manufacturing process is subject to 
fluctuations; various thicknesses, stretching or inclusions can affect the material’s 
tensile strength.  
 
In the eddy-current test on the strip-cutting machine, a sensor scans the cutouts; its 
magnetic field penetrates the surface. The current is affected if any structural 
differences exist, and this is then registered by a receiver coil.  
 
The next step on the strip-cutting machine is that the layer of lubricant is 
automatically registered. This affects the material’s behavior when being formed. The 
third level of control is the so-called optical tear recognition by cameras. The cameras 
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are designed to be extremely robust and are installed in different places – for 
example, in the waste chute of the first forming stage or on the parts bin of the 
sixth stage, which is not required for many sheet-metal parts and therefore remains 
empty. In other cases, the cameras are in the so-called feeder, a system of conveyors 
and suction arms that transports the parts to the next stage. The cameras monitor all 
of the forming processes in which the sheet metal is deep-drawn – from door inner 
sections to side-panel frames to the spare-wheel well. These are the areas that are 
susceptible to tears. If the cameras recognize a defect, there is an audible warning 
signal. At the end of the line, the defective part is then illuminated so that the 
employees can immediately recognize and extract it.  
 
In addition to optical tear recognition, Audi uses acoustic resonance analysis in some 
presses. Here, the sheet metal is struck by clappers; the frequency pattern that is 
produced is then compared with the norm pattern.  
 
The intelligent tools that Audi now applies in its press shops all over the world have 
their own integrated monitoring and control units: Lasers monitor the so-called 
flange feed during deep drawing and generate a large amount of data. When the 
computer recognizes deviations from the specified values, it modifies the clamping 
force in the tool with the help of active integrated components.  
 
Intelligent tool technology is an important step towards full connectivity, which Audi 
aims to achieve in its competence center for plant equipment and forming 
technology. In line with the “smart analytics” motto, the specialists are working on 
collating all data on sheet-metal parts, tools and presses in a central “data lake.” In 
the first stage, the focus is on the findings from the optical tear recognition and the 
intelligent tools. The goal is to create full documentation for each sheet-metal part – 
whether tunnel reinforcement or roof panel – including all key parameters. The 
complete information collected in this way will then be passed on with the part to the 
next stage of production, the body shop.  
 
Already today, Audi’s presses automatically mark the parts being produced with a 
stamp. In the future, the company intends to oblige its steel and aluminum suppliers 
to take more responsibility for quality control; after all, they have detailed knowledge 
of their coils’ production data. For example, if codes were printed onto the coils, the 
work of the presses could be more exactly optimized for the parameters of the sheet 
metal. Apart from that, there are many other possibilities for optimal parameter 
setting – from the pressures of the displacement cylinders to additional spray 
lubrication.  
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In the competence center for plant equipment and forming technology, many 
projects come together whose data flows into a shared “data lake” for holistic data 
analysis. All the projects have one objective: even more stable processes and even 
higher precision.  
 
 
Lighter, stiffer, more precise:  
the new tool generation  

 
Presses are amongst the heaviest machines in the production process at Audi – they 
weigh up to 45 tons. The engineers who develop them are now applying new 
lightweight-construction methods: The design of the cast-iron housing now follows 
bionic principles, and some components are made of aluminum and plastics. This 
reduces the overall weight by up to 20 percent and the energy requirement by 
about ten percent.  
 
“The right material in the right amount in the right place.” This principle has applied 
for Audi cars for many years, and especially for the car bodies. It has made the brand 
with the Four Rings into the world’s lightweight-construction pioneer. For example, 
the body of the new Audi R8 high-performance sports car is made of 
carbon-fiber-reinforced polymer (CFRP) and aluminum; the so-called 
Audi Space Frame (ASF) forms a lattice that is stiffened by sheet-metal parts. These 
are examples of the perfect interplay between geometrical and functional lightweight 
construction with the right materials.  
 
With a conventional press tool, however, the load-bearing structure is always 
designed conservatively. There are massive horizontal and vertical struts between the 
lower and upper panels of the base, which cross at right angles. Their design is 
adapted as well as possible to the special loads acting on the tool in the press. The 
vertical ribs provide stiffening where the strongest forces are acting. With the deep 
drawing process, the first stage of forming, those forces can be up to 
20,000 kilo newtons (more than 2,000 tons).  
 
Audi started developing its new generation of tools five years ago. In the first step, 
the engineers replaced the right-angled struts in the base of the large-scale tools, 
which are up to five meters long and 2.5 meters wide, with arc-shaped structures. In 
the second step, they designed free shapes reminiscent of natural geometries such as 
are found in leaves or skeletons. Some of the struts are twisted, others change their 
profile several times over their lengths. As a result, the new tools are on average 
about ten percent stiffer than conventional tools. 
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Extremely high requirements apply for the design of the press tools, which takes 
place with similar instruments and methods as the car-body development. The 
topology must be selected so that it guarantees stiffness in the right areas without 
adversely affecting adjacent areas. The load-bearing structure must interact with the 
installed components as precisely as with the press. This is helped by the reduced 
weight. A lighter tool reduces the mass dynamics, so that momentum and vibrations 
decrease and precision increases. Just hundredths of a millimeter are crucial for the 
quality of a sheet-metal part.  
 
The new lightweight-construction principle also applies for the installed components 
in the tools, which give the sheet metal blanks their complex shapes. Slides, levers 
and extensions that control the vertical forces of the press are now increasingly made 
of not steel, but of aluminum or a composite material. Such a slide arm now weighs 
just 550 instead of 900 kilograms; it runs smoothly and saves a lot of energy.  
 
With tool components that have large, repetitive reciprocating movements, reducing 
their mass through the use of lightweight materials is especially effective. The 
advantage with tools for door inner panels for example is up to 2.5 tons. In addition, 
components made with metal printers are increasingly being used in tools, such as 
structure-optimized cutters with integrated functions. These components could 
hardly be produced by any other method – another example of functional lightweight 
construction.  
 
Audi applied the first tools of the new generation in 2013; since then, they have 
gradually been developed further. Today, they are used in almost all of Audi’s 
press shops – in Ingolstadt, Neckarsulm, Győr, Bratislava and San José Chiapa. In the 
Audi A4 family, they are applied in the production of doors, roofs, side panels and 
hoods.  
On average, the new tool generation is 20 percent lighter than the conventional 
predecessors, and in some cases 40 percent lighter. With no detrimental effects on 
quality, this allows the number of strokes in the press, which is between nine and 
18 per minute, to be increased by one to two. The bottom line is that about 
ten percent less energy is required – for the press process and for the transport 
between tool changes. Audi’s specialists estimate that CO2 emissions can be reduced 
by an average of at least ten percent with each new tool, assuming a lifetime of 
seven years.  
 
An additional factor is that the new tools wear out more slowly and are run in faster 
thanks to their improved precision. About two years passed between the first designs 
and the handover of the press tools to the press shop. Uncompromising quality 
continues to have top priority at Audi.  
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Checking car bodies against a data model:  
virtual assembly technology  
 
Narrow, parallel panel gaps, highly precise surfaces and exact seams – every Audi 
demonstrates the brand’s high level of quality. Long before the start of production, 
the components of an Audi car body come together for the first time – as data sets on 
the computer at Toolmaking in Ingolstadt.  
 
Audi’s Toolmaking division is responsible for the precision of sheet-metal parts. As a 
strategic system supplier of production equipment, it covers the complete chain of 
those parts’ manufacturing process, starting with the CAD data from the Technical 
Development division. Accordingly, it has a broad base in the field of measuring and 
analysis technology, with state-of-the-art optical measuring equipment at the sites in 
Ingolstadt, Neckarsulm, Barcelona, Győr, Bratislava, San José Chiapa, Changchun and 
Foshan.  
 
With this 3D scanning technology, the employees can examine all major components 
– the body shell, doors, hood and trunk lid, exterior panels and other fitted parts – 
from almost any angle. Within one to two seconds, up to 16 million measuring points 
are recorded; the high-resolution point cloud exactly describes the component’s 
surface. Thanks to this precise data with diverse applications, optical measuring 
technology is more flexible than the tactile method with regard to the possibilities of 
virtual assembly.  
 
With the virtual assembly technology in Ingolstadt, the specialists put together the 
component data sets that they receive from the plants into a complete virtual car 
body on the computer. A data set has a size of up to 120 gigabytes. Audi’s reference 
point system (RPS) serves as a working basis; assembly on the computer rules out 
manual gap errors. In the evaluation – comparing actual values with target values – 
the software shows a clear picture. Zones marked green are exactly as specified, in the 
blue areas the surface is minimally below the data model and in the red areas it is 
slightly above.  
 
Audi sets very high standards. The brand’s precision is reflected in the dimensional 
accuracy of the sheet-metal parts, with tolerances of just a few tenths of a millimeter. 
One example is the zero gap between roof and side panel, which doesn’t need a cover 
strip. Another example is the exactly parallel lines of the gaps.  
 
When the customer has got into the car, this precision and the exact dimensions of 
the door seals have a major impact on the closing of the doors and on acoustics when 
driving. A typical hot spot on any car body is the intersection of the A-pillar, front 
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fender, door and hood, where all lines have to be very exact. With some Audi models, 
such as the new Audi A5, car bodies with different side panels have identical doors. 
Their exact interplay in terms of contours, flushness and gap width requires a high 
degree of expertise.  
 
The recording of car-body data begins in the development process of a car with the 
first prototypes, more than two years before the start of production, and often leads 
to tool adjustments to optimize the production processes. Two years ago, 
Audi Toolmaking introduced virtual assembly technology for all plants. This quickly 
became established, also because it takes place much faster than manual inspections 
on the physical object. And when components and car bodies have to be assessed at 
various production sites, the experts in Ingolstadt also save numerous flights – so 
virtual assembly technology significantly reduces CO2-emissions as well. 
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Logistics  
 
 
Express drones: delivered by air  
 
They are now indispensable as flying camera tripods: multirotor drones, delivering 
fascinating images from a bird’s-eye view. They are often also deployed on supply 
flights in inaccessible regions. Audi is now testing another interesting application: the 
automated transport of parts in factory halls.  
 
The transport infrastructure in a traditional automobile plant that has grown over 
many years is quite often close to the limits of feasibility; there is usually no more 
space for additional transport paths. At Audi in Ingolstadt, most of the goods 
transport in series production takes place on conveyor vehicles moving along the 
floor; they transport the components to the desired place at the specified times. But 
the established system has its limits: The rare case of a subsequent order of parts, a 
so-called urgent call-off, can sometimes lead to long replacement times. In this case, 
the direct route through the air would be fast alternative.  
 
Audi has not yet used the airspace in its factory halls for transport purposes, but that 
could change soon. For some months now, the logistics experts have been testing the 
use of transport drones for automated component transport in the factories. In early 
September 2016, the first drone was in the air for the transport of components in an 
Audi plant – carrying out test flights on a production-free day.  
 
The defined test route of the electrically powered unmanned aerial vehicles (UAVs) 
was mainly in a straight line through the hall of Audi A3/Q2 production. But it also 
included one change of direction to the right and two to the left. The drones used – 
with four enclosed rotors for safety reasons – carried out the preprogrammed flight 
maneuvers without any problems.  
 
Under normal conditions and outdoors with a stable GPS signal, the short flights 
would not pose a significant technical challenge. But things are a little different in the 
hall of an automobile plant. Strict safety rules apply here, and the departments 
involved (Logistics, Assembly, Occupational Safety) place differing requirements on 
supply through the air.  
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The first tests and all flight maneuvers were carried out by specially trained pilots via 
remote control. Orientation was aided by new intelligent sensor technology, which 
was developed especially for the needs of the automotive industry. The drones’ flight 
speeds were initially limited to the speed of conventional floor-vehicles: 2.2 meters 
per second.  
 
The smart factory is gradually becoming reality at Audi. Further test during normal 
production should soon bring new findings on the various possibilities offered by 
drones. Additional scenarios include the transport of urgently required components, 
applications with camera-based repair and maintenance work, a follow-me function 
for trucks on the plant site and the high-speed transport of urgently needed 
instruments such as a defibrillator for use in first aid.  
 
 
Big Data @ Factory Management:  

predictive yard management  
 
How can the management of a factory be optimized with the help of data? This 
question is being examined by an interdisciplinary project team in Audi’s Logistics 
department at the Neckarsulm plant. In this context, Audi’s logistics experts are 
using a database that is as large as possible. In addition to data from suppliers and 
shipping companies as well as information on traffic jams, the focus is also on data 
from other business units and from the entire production value chain – consisting 
of press shop, body shop, paint shop and assembly. The task of the logistics experts 
is to link up all of the available information, to analyze it and to collate it in a 
so-called “data lake.”  
 
SAP, Oracle and Microsoft Access databases, plus innumerable Excel spreadsheets: 
The enormous variety of data at large companies is unimaginable. Hitherto, every 
department at Audi has had its own specialized approach to what is now being 
brought together under the heading of “big data.” In order to make Audi fit for digital 
production, it is important to link up all data bit by bit. The computing power required 
for this project is enormous: The databases with up to 19 billion lines can only be 
handled with special software and tools.  
 
But the potential of these databases can only be fully utilized when various sources of 
data are intelligently connected. The predictive yard management case study of the 
“Big Data @ Factory Management” project team at Audi shows what is possible with 
data. The project team is based in Neckarsulm and has been formed for one year to 
deal with various projects in that time. The team takes a startup approach: Not every 
promising idea has to lead to success; failures are also allowed.  
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The initial situation: the space is filling up  
As soon as an Audi is produced, it receives the status “ZP8” and is temporarily stored 
on a vacant parking space. This takes place according to clear logic: Depending on its 
ultimate destination, each car is parked for loading in a row on a defined lane. As soon 
as such a row has been completely filled with new cars, the shipping company receives 
the order, “Please pick up and deliver!” The shipping company then loads up to 
seven cars onto a truck and starts the journey to their destination.  
 
The problem: waiting for the shipping company  
The shipping company is only commissioned to pick up the cars when one row on the 
parking area is completely full of new cars. The process until now has led to waiting 
times averaging 1.6 working days – and thus to high space requirements at the 
plants.  
 
The idea: predicting the pick-up time  
The new cars’ waiting times can be significantly reduced if the shipping companies 
receive their orders several hours before a row is full. Big data is very helpful here. By 
connecting vehicle-specific information from production (How much longer will a 
certain model be in production?) with the real-time status information from the 
shipping zone (How many cars with an identical destination are already in a row?), 
employees can forecast when the rows will fill up. Based on this data, the cars can be 
shipped earlier than before.  
 
The future: pick-up exact to the minute  
So the low loaders for delivering the new cars will already start their journey to the 
plant when the last car (or cars) of a row are still in production. In the ideal case, the 
truck will drive up to the row of cars exactly when another new Audi receives the 
“ZP8” status and takes up the last vacant space in the row.  
 
In the unlikely case that a car is not ready at the predicted time and one space in the 
row is still vacant, the truck would go on its tour nevertheless. The advantage of 
permanently saving space due to shorter waiting times clearly outweighs the small 
risk of a truck not being fully utilized.  
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Forklift trucks and tugger trains:  
through the plant autonomously  
 
Many challenges exist for logistics at Audi. The main focus is on the task of making 
materials available for production punctually and in the best quality. A maximum 
of process quality and security is to be achieved while keeping process costs as low 
as possible. A great opportunity is offered by automated transport systems, which 
are currently undergoing their first test-drives at Audi. As of January 2017, they 
will operate in series production.  
 
Automated transport systems of the latest generation can be applied safely and 
universally – also in existing structures and processes. Because unlike with 
conventional automation technology, they can adapt flexibly to changing conditions 
and can be connected with the Audi production system – a prerequisite for the next 
step towards smart logistics in the Audi factory of the future.  
 
► Autonomous forklift trucks at the Logistics Center  
At present, container transport at the Logistics Center at Audi in Ingolstadt only takes 
place with normal forklift trucks driven by trained employees. Driving into the 
high-rack warehouse, picking up and putting down the transport containers – all of 
that is controlled from the driver’s seat.  
 
Audi now plans to use autonomously guided forklift trucks within the packing 
operation for the delivery of small parts. This has several advantages: reduced space 
requirement, efficient transport processing and a lower risk of accidents at work. 
These advantages result from the interaction between innovative technologies such 
as a 3D laser scanner for navigation and several safety sensors. Scanner and sensors 
together create a 360-degree safety radius around the forklift truck.  
 
Several tasks have to be performed on the test run at Audi: The autonomous forklift 
truck has to independently place the containers, so-called large-load carriers, into a 
high rack and take them out again. The second steps are the autonomous delivery of 
the container to where it is needed and bringing back the surplus contents. The large 
variety of containers is a big challenge. The forklift truck easily recognizes obstacles 
on its route and waits until the way is clear; it then continues its transport task. If the 
autonomous forklift truck recognizes a problem in its routine, it independently warns 
the workstations involved about the kind of problem it faces and initiates action to 
solve the problem.  
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Data sheet: autonomous forklift truck  
Type: Automated reach truck type FM-X 12 von STILL  
Loading device: Fork  
Lift: Five meters  
Load: One ton  
Navigation: Laser navigation via permanently installed reflectors  
Traveling speed: 1.5 meters per second  
Safety systems: Safety scanner (two at the front, one at the rear), Audi Safety Spot, 
acoustic warning signal, visual warning signal, emergency cutoff switch  
 
► Driverless floor conveyors in the Logistics Center  
In the future, Audi will produce the cockpit modules of the Audi A4 and Audi A5 
models in the new Hall B of the Logistics Center in Ingolstadt. For the first time, 
driverless conveyors will be used that navigate in their environment and move 
independently with the help of suitable sensors and control algorithms.  
 
Thanks to their advanced technology, the driverless floor conveyors can be used 
flexibly in different kinds of halls and on differing routes, because they do not need 
any artificial landmarks or guidance tracks such as induction loops set into the floor, 
magnetic grids or visual driving lanes. They use laser scanners to measure 
conspicuous orientation points in their surroundings, such as walls, pillars or shelves. 
By comparing with a digitalized map of the surroundings, they determine their 
position and navigate with high precision on freely programmable routes.  
 
Furthermore, the driverless floor conveyors use laser scanners to monitor their routes 
ahead and evaluate the safety systems of the trailers they are towing. This avoids 
potential collisions with persons or objects. In conjunction with additional safety 
systems such as the Audi Safety Spot, (which projects a graphic warning signal onto 
the floor when reversing), visual and acoustic signals, direction indicators and 
emergency cutoff switches, driverless floor conveyors operate safely in the area of 
general traffic. This means that they do not need to operate in cordoned-off areas.  
 
Unlike conventional driverless transport systems, driverless floor conveyors have the 
advantage that they are developed from existing vehicles. Standard equipment such 
as trailers, existing structures and transport relations can generally be taken over 
without any major adaptations.  
 
By connecting driverless floor conveyors with a central guidance control and its 
production system, Audi achieves more effectiveness in traffic control and material 
handling.  
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Data sheet: Driverless floor conveyor  
Type: Automated tow tractor type EZS 350aXL from Jungheinrich  
Loading device: Tow bar  
Towing load: 5,000 kilograms  
Navigation: Laser scanner, navigation in surroundings without reflectors  
Traveling speed: Limited to six kilometers per hour (permitted speed in production at 
Audi)  
Safety systems: Speed- and curve dependent laser-warning monitoring and 
protective-field monitoring, side and height monitoring, Audi Safety Spot, visual and 
acoustic warning signals, emergency cutoff switch  
 
 
Logistics app: playing in perfect time  
 
Making the complexity of a car factory visible and tangible also for non-specialists, 
that is achieved by the new app “Audi Logistic Challenge.” This game for 
smartphones and tablets (iOS and Android) was developed by Audi and presents 
the subject of logistics in a completely new way. Players need a good overview, 
quick decisions, problem-solving abilities and good timing. In short, all the basic 
requirements of a functioning car plant.  
 
Every Audi can be individually configured by the customer – right down to the smallest 
equipment detail. This results in an almost unimaginable diversity of variants, and 
means that the individual steps of production in an automobile plant are a bit 
different every day. The material flows also differ from day to day. To ensure that 
these constantly changing requirements remain manageable, Audi exactly defines the 
sequence of cars in production. At the Neckarsulm plant, that takes place six days in 
advance. This allows Audi to guarantee that the right parts are available at the various 
points of production in the right sequence and at the right time.  
 
What sounds like an extract from a textbook for logistics experts and seems perfectly 
logical in theory is very challenging for the players of “Audi Logistic Challenge.” They 
have to make sure that all parts are produced, assembled, temporarily stored and 
painted in the right color. At the same time, they have to keep an eye on the suppliers 
as well as on the return of empty containers.  
 
The game’s difficulty increases steadily over 40 levels. The players quickly learn 
technical terminology from the world of logistics, with additional help from a 
glossary. After a short time, the app users become real logistics professionals and 
know what terms such as supermarket, string of pearls or quality of supply mean in a 
logistics context. Even the mysterious abbreviation AKL (automatic warehouse for 
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small-load containers) or JIS (just in sequence) soon become clear to the players of 
the “Audi Logistic Challenge.”  
 
Like in a real car factory, also in the app, the lack of important components leads to 
the assembly lines coming to a standstill. The so-called job-stopper parts have to be 
installed or fitted at a certain time. They include for example the cable sets, which are 
essential for the functioning of a car’s electronics.  
 
Logistics experts know: Only perfect synchronicity between material flow and vehicle 
flow allows the punctual production and delivery of a new car. In this respect, the 
virtual “Audi Logistic Challenge” does not differ from reality. The app will be available 
in the iOS App Store and the Android Play Store before the end of this year.  
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Fuel consumption of the models named above  
 
Fuel consumption of the Audi A3:  
Combined fuel consumption in l/100 km: 7.1-3.7  
Combined CO2 emissions in g/km: 163-98  
 
Fuel consumption of the Audi A3 Sportback e-tron:  
Combined fuel consumption in l/100 km: 1.8-1.6  
Combined CO2 emissions in g/km: 40-36  
 
Fuel consumption of the Audi A4:  
Combined fuel consumption in l/100 km: 7.6-3.7  
Combined CO2 emissions in g/km: 175-95  
 
Fuel consumption of the Audi A5:  
Combined fuel consumption in l/100 km: 7.6-4.1  
Combined CO2 emissions in g/km: 175-107  
 
Fuel consumption of the Audi Q2:  
Combined fuel consumption in l/100 km: 5.7-4.1  
Combined CO2 emissions in g/km: 134-109 
 
Fuel consumption of the Audi R8:  
Combined fuel consumption in l/100 km: 12.3-11.4  
Combined CO2 emissions in g/km: 287-272  
 
 

 

 

 

The Audi Group, with its brands Audi, Ducati and Lamborghini, is one of the most successful manufacturers 
of automobiles and motorcycles in the premium segment. It is present in more than 100 markets 
worldwide and produces at 16 locations in twelve countries. 100-percent subsidiaries of AUDI AG include 
quattro GmbH (Neckarsulm), Automobili Lamborghini S.p.A. (Sant’Agata Bolognese, Italy) and Ducati 
Motor Holding S.p.A. (Bologna, Italy).  

In 2015, the Audi Group delivered to customers approximately 1.8 million automobiles of the Audi brand, 
3,245 sports cars of the Lamborghini brand and about 54,800 motorcycles of the Ducati brand. In the 
2015 financial year, AUDI AG achieved total revenue of €58.4 billion and an operating profit of €4.8 billion. 
At present, approximately 85,000 people work for the company all over the world, about 60,000 of them 
in Germany. Audi focuses on new products and sustainable technologies for the future of mobility. 
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